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ft tf Jfc # ^ ' Jl'J f ^ ii » f£ 15 -It it 4 4#* 4£ ffl m t 
I a + 3 . 34£ # ' # $ — 3£ «l tfl ft XPiE^^7t^^i*& 

*&- 4 2 a ' a A £ — i# *| tfl ft X Tit ^ ^ it .it W L ^ » ^ it I 
s& 4 2 a4£ *T & *h *fc m % ^ it .it W L J& + 3 . 34*. # 1 




« M 4£ it € s& 3 8m m & $k ft ft m % % n- ft m t & 

m ft 1 & ' ^ iH t& > t '\k fA fa 'It ft 1 ^ ^ 4b # ^ 

B^f" ' f a -It ^F- it 4 4^ ^ ^. 4b ' S'J f I ^ I f SS- 3 8^ 4£ + 

8 . 54*. # f- fa -It it 4 44L ^ #■] F^l ^ ; 4a ^ iife, ' ^ fa -it it 

4 4* % #: ^ ^ 4b » I'll If If ^ 38tf 04*. # f f a 4t * 

it 4 4-^ 42 nfl ^ ° # 'Ifc F-1 te. 'It It 1 0#i ft s* # # b£ ' ^ 

a? n Jfc ti <lt * it 4 4/9f 3fc ^ &J * # ' B'J f 1 ft I f ^ 3 8^ 

4ft + 3 . 34£ # ^ «. 'It Jf- it 4 4^ ^ f 'J ffl & ; Bl & » ^ ^ S 

ft Jfc. f e. -It it 4 4/9f ^ if If ' fl'J € M ft ^ € 3 8^ 4^ 0 

4^ # tt -It ^ it 4 4^^ ffl m m " t \k ft it -It IS 1 O^l ft lit 

tit # 4t ' S'J € * ft ^ « ^ 3 84it ^ iB - 74^ # ^ f£ -ft -f- it 

4 4-^^ ffl ffl fa ° & i% i% ' f Iftlf ^ 38ffef '^ 

Id -It It 1 0 a ^ 4^ #i ft U A 4b m ft ^ i f # 4^ * tit m ft 
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3- - QtmyLW (7) 

$L %L ft ti] %M:^tiL&ftm%%Q- 3 6° 

a*- * B ° ^ it Hi .§§ i£ € a& 42a&^^ — NANDit £| P?1 4 6a 
& £fc # N 0 Ri§ $f P?1 4 8 a ^ 4 8 b > 4 8 c • M ft ifc ' ^ — # 

$ as- 3 2/sff & A #j ^ - # m fit x P#, ffl ^ it ft m % % 

aS- 3 6 1 — ^ m % % ^ • %k ft m % % & Jft ^ 

\m^7t^m%%y& ' £ t ^ it .it € a^ 4 2a#. ^ # — -fin 

^ it Jffi ffr 1: aS- ' iTq ^ it & m ft) *t aS- 4 2a# % % a. 48 ^ it 

& « ^ f as- » Sitb^S^^t^^ ' #»I ffl -H. I® j# m m st 

XPA> X P B ^ XPCB^^it$'J^#-!§g*&€ak3 6tiES*-iB— ^ it 
^ % tfr € as- #7 @ ' * #'J & t£ ' a NANDiH $$. WJ 4 6&<j tfL 
fife »l h m fll tfL fit XPA#> ^ ft tfL fit ' # tfL fit XPB#> 5. ft 
m fit ' U 8l m tfL fife XPC#> ,51 ft tfL fife - S jtb flfc # t -H- j# 
«| t ft fit XPA- XPB^ XPC^j 1N- A it «■ -ft " 0"Bf . ^ NANDit 
& m 2. to tfL * + ft & & & tiL Tfift N A N Dil ^ W 

4 6$fr £ it ** tf. " 0 " ' #Bp*bB$^7G&.JSSt&^*S- 4 2 a# ^ it 
9t • f t ^ — ^ it Mi J§s € *S- ' ^'taS-^^^.^Tt.^.ls 
t$€as-42a#j'tas-^$t:ft4« » rfr °£ — ^^isi^^-fc^^A. 

NANDii # WJ 4 6i# tfL fit ' ^ ^ it Hi JSE % % 3& 42b%, ffl • $fc A 
NANDit H M 4 6#J tfL fit #J tfL fife XPA ' # ^ tfL fife 

X P B ' a^^^tfLfi^XPC' g) itb # * t n m *8k tfL fit X P A > 
XPB - XPOMj M M it tt. " T'af ' t a NANDit If M 4 6^ X -fill 
tfL ft * ft ft M it & fa " 1 "ffi, ^ NANDig 4 6^ A it # 





i « (8) 

0L " 0 " ' # Ep itb i$ ^ it J& J§S f 4 2 bft # it ^ ° *fc ^ 
_L i& ' & & NANDilt ^ ffl 4 6#J «t S. • fTti§^«ltfl.t 
XPA- XPB- XPC#j i§ # Js, " " 0"* ^ £ >fgj ^ it Ml J§£ 

' — ^7t.^^t!?'t^#^it^ ° -fr ® ^ ftr 
7F ' -§r - NORit ^ frl 48a - 48b - 48c# £ - # ^ ^ it Ml » 
ft & 3r ft Ml « € s& 4 2 a& ^ * ^ m N 0 Ri§ & ffl 4 8a- 
48b- 48c ' £■ t NORit ^ ffl 48a*f J& ft Ml WL 0 ' NORit ft fifl 
48ba#f A ^ it Ml WL ,' J-x a NORi§ ft ffl AS eft M, ft Ml WL 8 ° 

A#^«*a*^iti&^ft - tf - & — radiate 

^7t'*^^7t.#..^*&€5i-42a(^Bl=.^r^) & ^ 8 

# ^ ft Ml WL o~WL 7 ' 0itb#3S^-#M%'i;sg. 3 4^ ttj % ~ m 4| 
tfl St XTaf ' $ — # «| m ft XT& ^ ^ flg ^ 4$ m Sfc XT 0 

-XT 7 » £^#Jte#£***fc**£fttJ-4fc^itMlWLo~WLife. 

^ * it & ° & m * ft ' & t% : m7£tz^%-ftz- & m ffl m % 

& & & ft $l wl o' ?a u ffi- m m ft xt 0 # m it ft A " 1" > 

An £. & ^ tfL ft XT ,~ XT ft" M ML it ft tt. " 0 " > * ffl =. »T » 

^ # «i m at x p a - x p b - x p *j- m it ft " 1 n ^ it ^ ^ 

t ^ ^ f ^ 42at ' te###M%tfl.ftXT#f,&itft 

it. " 1" . N 0 Rig ft M 48a^^d}^^#^/i^*l-«. T- 

# *P IN- ^ * ^ # ^ tfl. ft XT ,~XT yfij "= ' #'J ^ tfL ft XT 

# ^ * it # tt. h " 0 " ' IS jtb N 0 R^ # M 4 8 b6^j *^ rfj ^ ep # ^ 
m it ^ it " 0 " » 
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i - (9) 



' % - NORi§ & W 
^ *J «t * * % 
circuit) ' ^®X t t 7 



ffl % it M 



n- 5 0a' N 0 Ri§ # ffl 4 8 bit. ^ % m. 

& ft m 4 8 ci£ ^ € M # t i& 50c° 

5 0 b - 5 0 c#. Jfe m *§ m &) € % ' a 

fcj ' *eL^#€ B s alt52a> 5 2 b ^ 52c 



;T £ ^ £J J| ^ it ^ WL„~WL 7 
i& f ( level shift 
NO Rill H 4 8 ait ^ € J& # ^ € 

€ s& 50b' a A NOR 

5 0 a > 

* # € ^ 5 0 aJb 
5 2 di-x ^ — ^ H 




# ^ J5'J *fr ifc +3 

A I 



( inverter) 54' ^ t f a B B t 52a^ 5 2 c# & P2! JS & 4t 
-f t£ ft f b b b ^ ( PMOS transistor) • ffii f 9 B B It 52b^ 52d 
& ^ >S & 4t ^ « € il « ( NMOS transistor) » 

m t£ te. «ffcio&*ft*i&.## . g it f l i t sg- 3 8 

3t ifl « i 0^ ^ ' A t + 3 . 3^ # ffl & ft 
£ ^ to V 1 ' ffij 0#i # ?p ffl & # & 9 =. #r 
1 ^ ji V2- #f JX # N 0 Rit & fol 4 8 a#> $r A «S M M it # 
tt. " 1" ' t a B B It 5 2 b# 9- it *n ft *ft .ft A*i ii 04* 4$ ( # Bp 

" 0 " ) ' 15] t & ft 5 2 ctf # it tfo ft J$ .ft B 
£t ii + 3 . 3#t # (^Bp^Jfcafr^tttt." 1") ' xtb ?b ' t B a B It 
5 2a » 5 2dii t£ it ' m« ^/t&WL +3. 34fc # 

ffii »T /& ^ *b It 3fc f £ -It * it ; 

H 5 4#j |£r ttJ it it «■ tt. " 1 " ffii ft € H. It 5 2 d# it • S *t 

ife ft Bag ii # ( ft Z? & J& #$■ M. & " 0" ) ' I5J 
5 2 a# # it fin ft .ft A£i ii + 3 . # ( # *P 3* i& 3fr it 



«■ A Ifc it <t 



4a JSL ' -t N O R* ffl 4 8 a^ 
B a B It 5 2 b^ # ^ it ' ifh BL 4a 



tt. " 1" ) ' itb ?Y ' f a U 52b« 5 2 cii ^ ^ it • #f a 4 s tg * 
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i > %£Wt<LW (10) 

WL jk «. M at *b & vk il^tti* t& -It ° 




*» _L i& ' % - ^ 7tm~ WLo~WL^ Si£-&^-*l*J-,!&#jf 

# *t ' a t i#^t^ 50a^^J ' € M # ^ € 5^- 
5 0a^ tfc # #F- fl| m Sfc XPA - XPB^ XPO XT^^^^^^tg 
.^WL^i£fM^teVlik<fMifMiLV2' ffii€M#^t^50a 
ft ^ * # 6#) t b s b ft * «t * ' S *t # « ft -|t 

S. # *t # ^ 7b 4& ' U'J *t * & € 3 6m ^ € B a a It *t 

a ft + ^IAftiiiUfc M te. 'it it l o# Jt, >i -+ Pit ^ it 



1 Oik 



m n % 



itb ^ # 



#t * % w 









s 


it 








M 


li 


-it 






t 






* 






















it 



Jg- ifi) T A tl * If ^ 

' fit # & Ji i£ F-1 



I* 



B 
BB 



' # ft ft — ^ — & te. -I? 

( memory block) ' — % — 9ft- 
3& ' fit >a — * % ( row 
til $L & % *t ^ it ( word 
it & tt- *t $k i® it -It * it 



driver) 
line) » J. 

( memory cell) - i£ % — # «l € # ffl j# 4| — le, -It 



4£ a 1 4 ?i *t i® ^ 



*5 -STL St ° % — A* *l * # ffl 
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i « &WftW (11) 

& m m t& it it 4£ *it a a 4i it m % — m m St • u # 
mfh % n- % m jb t& - fit £ ? it ml 5. - « £ t M fa • 

t&ftm&%3&&&%%i$Lfe%-7li&m*h%3& ( word line 
driver) » € i£ ^ t£ £ - ^ «l t ^ ^ i& % — ^ € 

■I* £ 4fc s£ 3*. € *&■ ' a A - 36$&€Jl$frit}f;*&- ° — t» 

7t % — ^70^. • t£ s£ 'It (& *fe it ^ % € *4 

m #t t £ %L it m m % * tg • m$LtfL$LMiiitm%--mi%m 

%L^m.n&&i®mf!j%-7i • jib -t £ A € ^ #. € 4. 

&i&mii$Lmm$)%-7i • m & u ^ & m $i it m % - m 

xsk % it a ®L % *t it i® % ~ m m, m ^ ^ tt w 

fefl-ti^fifli ' « A ^ i| s ^ ^ /t 

fi ^ t je ^ • 

* ^ ^ # a £ 4fc W te <lt It i6 ffl 1*1 — « % JE #r jB € s& ^ 

HL\%^7t^m%% i ®r ' ® itb a +s *b pi- ^& t: & it #j m 

ttf ' fK a ^ # a £ -fcfe W te. tft ft * # 11 'J^ ^ t « a & 48. 

#J $L A fa $~ ° 

it fa 3r A 

ff #- ffl m E9 • E eg & 4l # a/§ 4fc te, .|t It 6 0#j j# j|& >$r 4fe ^ 
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2L > %Wt£W (12) 

6 S ° -fcfe te. 'It It 6 0& ^ ^ - % - j# ^ % nr 6 2 • - Jjl — 

€ 6 4' — €M^>!t€^66' — If m ft] ^ 8& 6S ' M 
Sl *I *t -f® -It H 7 0 a > 7 0 b • *f W f£ € 3& 6 8& ^ ^ 
\® ^ $t m % % 72a- 72b' — ^f^'tMlljdi^:^74' 

-&^€M^f'Jt:^ 76' tt A-?icljLf It* 78' 
t ^ ^ it & JSS € 7 2 a - 7 2 b£- #J M 46 tL -It H. *fe 7 0 a - 

7 0b' tfn #■ - te. -It £ *fc 7 0 a * 7 0 b«t *.*^L*tiH«&*fe^^c 

8 0° itb *b ' 4- ^ to & % tfr % 3& 7 2 a - 7 2 bt tit % tL 4t l& 
i&it3frfi&82a^ 82b' ffl#.*feit*a**i6^it&«B*!Ft«&- 
7 2a- 7 2b& & ffj ° ^ — it %L m tf] % 3& 7 2a- 7 2 b#. m 

*JR*&&*t*fc4 E ^*WL 0 ~WL l frr*J-i6tt 1 fc*^4fc • *» IB ^ 
7F ' # - ^ it & W L o~ W L & 4£ ^ *t ^ *£ 'It JP- ^ 8 0 - # 

— m m % * 6 2# ffl fl£ «l — te. 'It It 4ft iik ADDRESSa J. £ Jjl 

- j# ^ in. «t x p ' it % - m $k m ft x p# m ^ ^ t t^f - 

-fill ^ it & 45 t * 7 2 a - 7 2b' M -to t& i Z -It It tit Jat A D D R E S S 

# *f 46 li -It d. *fe 7 0 at — tL 'It it 8 0' 0 *b t % — #F- *5 

% * 6 23?- 4| te. -It It >CfiL Jfcdb ADDRESS^ • * ^ l& 'It S * 70 aff 
46#*-^iGMl56$&t*72a' ® itb Ji. & $ — ^ 4| tfl ft X P » f £ 

'It ^ % * 82a^;^^^Jit^^itl|-^^€* 7 2 # 

Jfc f a -It & Jfe 7 0 a • itb ^ ' ?-J5|fl|t^ 3 4# <t fft m it -It It 

tit. Jtjt A D D R E S Sa £ £ H — m %k tfL St XT' 3£ #r A # -^flia 

% XT J. m f itl € * 7 4° $ ~ # m tH. ft X T#, flj * ^ 

t f - ? to ^ I a - t ^ f I a a ^ - It *K * ^ * 

1^- — m i rL -It it ' flnJS6t^tS*wdJ 1 t*7 4^^#^^- 
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i - %rWT&W (13) 

# ^ « JS *. 4S *»J ^ * £ - ^flliRSt XPit ^ ^ ^ to Ml jsk 
I ^ t ' ^^Tt^WLo-WL^^^^^M^-fi • ^ #'J & 
t£ ' f H to 'It ft Jbt ADDRESS^ # ^ to -It- & 4 0 a t ' 4fc 
^ ^ to Ml W L ^ tfj - tL 4& it 8 Oa£ > # >\k ft to % It 6 0# it 

tt & m ft ' jh it m ^ ' t£ to -it * it 8 o#> is. pi m m % 

#t ^ + 3 . # ' ^T«fltlf^ 6 6itb 0^- # A +3.3 
^#^#^fl5..Ht/fftiU 74- -t % - m %k tfl 

Sfe X Pit ^ to Ml JIE tfr € 7 2a' a ,51 H ~ i$£ *| IfL Sfe X Tit ^ 
^ to Ml WL<flf ' 74ft --ri&tf! +3. 3^ # 5. 

? it t W L ft ^ to Ml W L »h #J t£ -It to 8 0"^ /£ & itb #1 If If 
%l m ft : *B & J& ' ^^^TO^S&ffrtSS- 7 2 at £ * 9 — 
^ tfL ft XTit * #; ^ to Ml WL i~WL^ 1%, ' Ifef 1^ lil 

<f & 7 4*J & & m +3. 3^. ^ #J # ^ € * tit A 5. ^ to Ml WL , 
~WL n ' #r a ^ to Ml WL ,~ WL «L #j to -It ^ to 8 td m t # ^ 
5t & >k m *'J it $L tf • itb ft ' £ € JK ^ *l € 28- 7 6f it 
1^11^114 6 6' #. ffl & ^ tfc ?A i e. 'I* It 6 O^i ^ ^ 
it m ft - i&fr%ift£Lftffr&ftB$ • It dJ it HT ^ € M ^ to 
J f3=7C,MlJ$E$&€«&-72a* 72bt€a B alt^^^ » ffij ^ to 
f i t ^ 7 8#. ffl *. ^ -fcfc M to 'It It 6 0t # ^ ^ 4b # # > »x 
%l m ft & ft f£ 1% ft ' & f'J ^ 4 i ^ to ML WL o~ WL 

i fa m j& - m ^ & ° 




^(O _L iijL » 



I ^ >jt € si- 6 6# m * «. ^ ^ J 



s& 6 8i 
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s. - ^trntnw (14) 



ft 



m % & # ^ € JS ' ^ fci & t& ' # -te w *s *it 

4t # # b£ ' # l£ 4t it 8 OS «. 5$, 4b ' fl'J 



6 0#i ft $ 




8 



6 611: 4ft + 8 . 54* # ^* t£ € ^ *fr ifc € 3& 7 4 ' aft 
54fc # ; *3 & Mb ' £ *& -ft it 4 4^ % *1 ^ 4b ' m 



4ft m € & 6 6-£| 4ft 04* # f m 




^ 7 4' (A ifi M 



I its € 7 4*5 f £ it it 4 4^ & ffi « J. 04£ ft ° m 
*b ' # *fc M Id 'It It 6 0#,fi-^*#^B$ ' £ % it %l tL -It 
it 8 0#r to ^ t # ' 3'] f I ^ If 66^# +3. 34£ # 

1 1 dj € s& 74' a ft « f; M it dj -f j& 7 4^r^g 

i£tfe*it4 44L44*IM«5. 3 . 34£ ft I *§i SL fch ' # ^ $ ff 

4ft >(i t Q- 6 4ft 04£ 



t e. -It it 8 om fc if #J t # ' *»] 



7 4 ' a 4£ J 



it 



tL -It it 4 4^^ $'J fel ^ 5. 04£ # • m & ' IT 4fc W f£ 'It 

6 0#i >* Bfc # 4^ 8f > l'| f 1 i I f ^ 3 84£ ^ 4ft - 74* # 
Oik ft ft m it) ^ 6 8' ^«t^|i^*llf#f 

•It it 8 Offij f ' ^ M ffl m & ^ *>> ^ - 7 . 54* ft > fln 

^ ^ & >t * ^ # t # te. -it * it 8 Orfn -r ' * f -J f?i 

# ^ m % 5. 04^. # • & 6] i£ t;L ' tS^lfi*66tt# 
W te. 'It IS 6 0 § Tit 4& %i ft m. A 4b # 4^ ^ t f ^ # 4t >f 1^ 
4^^^4ft^FI5]^'i:M^-4i- : f^f^^'t5l- 68° 



ff #- M @] i ' gJi^S ra^/t^F^^it^^Sf^^^ 72a§^j 
^ ^ t ffl ° ^ it iH. tir € 28- 72a^^^ — fi'ltH^it^ 
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i - %mttm (15) 

SS- 82 aa *i *t 4B m % it 8 3a- 8 3 b > 8 3 c - «£ -It S J*, it 
Jfa.fJ&82aeL^3f- N A N # ffl 84' Jl It 8 6a- 

86b- 86c- 8 6 d - 8 6 e - 8 6 f » a Sl %L *t 4B JSL B 
( inverter) 87a- 87b- 87c- 87d- 87e° & m fft ft 
8 3 a - 8 3b- 8 3 c^ #1 M M — ^ it Ml » f?'J ^ tc Ml 3& € s& 

7 2 a# ffl * ^ f 'J a § ^ it t W L o~ W L 7 ' tfn JB t& Jf it 8 3 affl $L 
m % it Ml WL 0 ' H ^ ^ to 8 3bffl J$e tfr ^ it Ml WL 2 ' a 

«fi % it 8 3cl£ ffi & m fjj tL & W L 7 ° — J£ tfj it 8 3a- 

8 3b- 8 3 ctfj % 3& *# m ft m • J-X H U ^ it 83a|, ff] • ^- ^ 
# *t ^ € a a a It 8 8 a - 8 8b- 88c & t € a a B It 8 8 b - 8 8 c-ffc 
& & M ft 4b -f t£ It € a a a ft ' ffii t a a a It 8 8 a#. & PSU ^ 4 
ft 4b 4- # It € b b b ft • € B a a It 8 8a# ^ - j& • £4 
^ _ N32^ ( N well) ' J. * ^ # % it 4fe ^ t JS V n w ° 
tf a. * ' € Vnw^ f I f # A t ^ f I f'J f 7 6m 

6 fcl ' r7fj^^^.fg*&-^7t83a- 83b- 8 3 c#j -f M ( V i n ) 0 ~ 

( V i n ) ^'J & Jg tfr % m. tft ifc t & 7 4m * 'J > # *h • *fr ^ 4- m 
% it 8 3 a - 83b- 83c60 f 1 Vin't * f f ^ i| f I 66^ 
li: 4£ • fi- •!£ € 6 8 1 ' £- ^ it Ml ^ tfr € 31- 7 2 a#j % si- 
^ # * -te ' © itb ^ T ft. ifc «t ^ ' 41 it m ¥ it Ml « € s& 

7 2a^j € S3- *. m • 

t ^ii ' ^ — m *h % 6 2m ffr a &o ^ — m *z m «; x p#. 

ffl iil^ftli^f^ 68t — ^ it^^gf^ €SS- ' t lr I 

€ 5§- 6 8eL & % ^ it Ml * € ' * t ^ it Ml 4B ^ 
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i » %*f\1l& (16) 

% 1 2afo % — fa ^ ft & m ih % * ft)^7t&mfh%3& 

7 2 b# & % a. fa 3F- ft & 4& tfr *t ' ISilb^S^mf^ ' 

ffl jl ^ <i m ft xpa - xpb> xpc^r it *i ^ # « t& t ^ 6 8 
tiE^.— ^Tt&.Jfsf&fiJ&tfj a ° ^ #J ^ tfc ' # 4| m 
xpa^t t i^^ft " l"^ " 0" - » m m ft xpb-^t # M> * ft 

tt. " i " o" * & sl m m m ft xpct m m m. ft " m o" » 

H *t 4& 4* # 4% tfL ft XPA * XPB - XPC#j i ft f f 1 4 2 & & 

^ ' #r « t % - ft m ft xp* # 4i m ft xpa - xpb- xpc*& 
. ^ 4@ ^ /t & m % % n- t ' ft ^. it ^ ^ tfi ft 

XPA- XPB- XPC^-^^-^t — ^7b*tL*t&«a&-«*»ffli/*f 
7F ' # 4| tfL ft XPA - XPB- XPC% m & & ft m 8 7c- 
87d- 87e# & Mb ft & J& ¥j £L ft tfL ft & & a. NANDil ft M 
84 ' fir a & % & & 4| tfL ft XPA - XPB- XPC^i **- A it ft 
<t " 0"b^ . NANDii ft m 8 4#> It A *ft t # *f A it ft A " 1 " ' 
& 6) t£ i$L • ilb of ^ it & JIB t 5& 4 2a>f # #: it ^ » fj- ^ #■ 

— ^ 7t ^ m % % ' % % % $± ^ ft m % % 

% 1& ft &X ' ffijiH — 6d^I§j4L^>j9L^^>^NAND^ftW 

8 4^ tfL ft ' JX ^ it m % % 3& 7 2b^ iH » J!'] a. NANDii ft 
M 84#j m ft #J Jb 4| tfL ft XPA ' ft 4| tfL ft XPB 

41 m ft x p c ' a itt # # # -s. ^@ m 4| f R ft X P A - XPB - X P GMj 

>^ M. ft A Tuf ' #r a. NANDit ft M 84iMj X -(SI tfL ft * ♦ ^ 
# ^ it ft it " 1 " -Tn it NANDit ft m Sm ih i§ ft ^jfc " 0 " • ^ Bp 
itbBf^7G^^^'t^72bft#^it^- 0 ^ _b i& ' * 
N A N Di§ ft nq 8 4#j tSt S. ' ft it ifi #F- 4| tfL ft X P A - XPB- X P C 
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5. * (17) 

" 1 " * " 0 " * 5t ^ i® ^ it « 



f ^ t 




i f ?fe IH t ' # -fla # fl| ffi, % XPA - XPB - XPC^j M ML & ** 
it " 0"b£ . ^ 9t m. m % % 72a^L NANDit & ffl 84^T & ifc * 

n it 



" 0 " • S ilb & & BL fa B 8 7 a * 8 7 b& ' *ft ft B# M i§. 
" 0 " ' # Bp ft B&i) f I f ^ #. & i& 1 JE I to ( fr] 4° 
I GND) ' ffij IN- ^ i& ft A& m • f B s a ^ 86a^ 8 6c- 



8 6 f it Ufr it ' f a a B It 8 6b- 8 6 d - 8 6 eM'J ^ # ^ it - #f a *£ 
ft A# # M it ** it " 0 " • # Bp *& ft A#j € JS I to ^ Afc 
GND ' m itb t B a a It 8 8 ai£ -fr it » ffij € J£ ( V i n ) 0 ~ ( V i n ) 7 

'j^rnii^ti^Tt^ fLo~R 7 ; bl *k ' # i® m m m 

Sit XPA> XPB- XPCii # *f i& i§ it " 0"b£ • NANDit # ffl 

4 6M'J # $r A it it " 1" ' m it m. * jbl fa m 8 7 a - 8 7 b& • *ft 

ft B# M M it II it " 1 " ' # Bp ft f II #. ^ ftj 

' fa ^ ft A*, t£ • € a a It 8 6 b - 

a a a fflfc 8 6 a - 8 6c- 8 6 f 8<J it % it • #t 

it " 1" ' # *ft ft A§f| f I $ ^ A f 1 

88a4:II fl ) • 0 jfc t & It 8 8 ai£ & 
8 8 b$- it • « t I V i n ' it. J 



fcfc € M GND^j JL 
8 6d - 86e#^it 
a ft A# 3N- it i 
Vnw ( # Bp 

^ it ' fa tfe ^ 
^ tg H. WL 0 ~WL 7 ° 



a 
aa 



a 
aa 




ife S 



i I f I II f !^ 7 6^ ^ * H *t i@ 



a 
aa 
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i » MM (18) 

90a- 90b- 90c- 9 0 d - 9 0 e - 9 0 f - 9 0 g - 9 0 ha %l — BL 4a 
n 9 2 a - 9 2 b - # & W *£ -It ft 6 0#t ft ^ s£ 4b # # tft St. # 
# ' S'J 3& ^ m % NEGWL# *j- i& it ** <£ " 0" ' ^Sp^Alft 




NEGWL# & *b 



£ ' m a € a a B 



9 0 e& # M Efi d*. & ' ffn 



B 



B 
BB 



9 0 c# If- it ' itt *b ' & 48 IS 9 2 atfj tft itj # fj- i| 
" 1" ' ^ Bp ^ ^ g 9 2aW l&iiJJS^^Stii^^ ( *J 

4* € M Vpp) ' PfT a € B B a It 9 0f^ ^ it ' rfij t B a a |t 9 0 dm ^ 

# Bfl P*1 $L & • Fit ^ "t a a a It 9 0 f ^ it ' m tfb ft % it 
4£ ^ ±& ufe G N Dffij M M & *b € M • #r a 1 a a a It 9 0 a* # If- 
it ' li4*i«ttD«sltti8 Vppffij it t b b b It 90b#= ft M gfl ^ 

m • W m & ' 4a li 9 2 b#j #r its *# fj- & 4£ *fc -t * ' m « 

9 0 h#. $l # fel $ ^ H ' fib & & &. 90gt ^ii ffij 
I V n w# ^ t M V p p o & 6) tt t£ • ^^^Kittt 6 0#l fi- 
^ ^ 4b # ^ J& tf *i # -ft B^p • Jt>J € JS V n w# & & ^ t m. m f'J 
€ as- 7 6f& >t & t JE V p p ( iH 8 . 5<£ ft ) • 4a ^ *fc » 3£ 
ft <£ *t ft 6 0^ # it It # f£ ' H'J ^ m 5fe NEGWL-t- ^ M it & 

- # ?p ^ m flt NEGWL# & ^ € * ^ ( -f?'J A> 11 
Vpp) ' m « € b b b It 9 0c^ # ^fl gfl ^ S ' ffij € B a B It 9 0e# tf- 
it ffij ^ Sft. Ufe » D€ ^ # ^ ^ J* G N D ' itb • BL 4a H 9 2 a#j 

"0" > ^ ^ 5. 4a 33 9 2 a&fj ib «S % % & 

& % m ' ^ j-x t B s a t 90dt f it ' ffq € B a a it 9 o m & ft m 

M Ji*. 2H ° ^ 1 B a a 90e60Sf-ii.ift*«.i« fi W a 4^ 1 
M ' S itb € B a a It 9 0 b# f # ^ ' ife jfe «fe » Cj^ ii 

Vpp' Is] 



a 

BB 



It 9 0 a^ m ft ffl ffl B ° W m *k ' ^ 4a §§ 
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i - %tWi<tW (19) 

9 2b#j & £tj i& it M M & % & Ml ( iH -ftp % & Vpp) • fiff a 

& & % & It 9 0 g& # Bfl m !RI ' ffij € & It 9 0 h# it *a % 

€ « Vnwf ^tAf I ' & 6} n ifi • # M *& -It It 6 0#t 

# * fife- # ^ > H'J t Jg Vnwt Hi H € M 4£ #'J € 2& 7 6f£ *t 
& & At € « ( *» O-ffc 44 ) • 



it 9 4 a - 94b' 4 ffl i ? ^ » 3£^itMtJSS$&^«8-8 2fli#.JSS 

^ to t WLo~fL^i f I 14 ' mm$h%ML%n&%3& 
7 44£ $ & ^ # 4® £B it 9 4 a - 9 4 biX M tSt ^ ^ J» i» 
Jp- it 8 3a- 83b- 83c#t^#J'f^(Vin) (r (Vin) 7 ' # Bp ^ ® 

-fc t '*^ib*7b94a^ffl*.«t^«*(Vin)o' *n fft * * it 
9 4 a*J fli *. tk £ t M ( V i n ) 7 ° - A * it 9 4 a - 9 4 bf* 26 
*§ 15] # t «8- £ ^ ' J-x $r * JB. it 9 4a& #-J • * & & % %L $t m 
€ Ja It 9 6 a - 96b- 96c- 96d- 96e- 96f- 96g- 9 6 bux ,51 

— Bite fi 98° & -m W 16. 'It- 6 0#i fi- m ^ 4b # ^ • S'J € M 
M % n- 6 6m ^ 4& ^ € Vset^S^it^iE.€^ V p p ( W 

8. 5tft # ) ' 3r 3= it & WLoJl &j tL -It * it 8 0S & A 4b • H'J J£ 

— » ^ € S&- 6 4m *w * w * - #^m« xt# m & it ^ ^ it 

& WL 0 ' # *p t % — *p- fli m «t xt* # ^ m sfe xt 0 ~xt^ & 

• t # ^ tfL St X T *f i& it " 1 " ' An * ^ » Ifl 

XT,~XT^b af M'J -I* >!i it # -IS. " 0" • ^ Ifc #t A * it 9 4a* 

tt ' & 4i m 9M %t & *& tit n fa & & " o" > ft z\> jzl to n 9 8 
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i > ^mttm (20) 

fij f la It 96cf f i| ' itb » 4 ^g«|tt XTItll f 
i£ to ( iH H M Vset) ' a f B B a It 96ft f i| • fa % Jb 




9 6 dFJj $l # HpI m & 0 fit £ 



B0 



9 6 f#J # it ' a itb 



,fi E^ % it ^ Hl G N Dffii M M & *fc € M ' #r i-x 



B 

aa 



a 

aa 



96b 



9 6a# # S£ it ' 3£ it /& *ft .1 i F^l i£ € S Vsetffij t 
# # M ffl Jfc & • II *b ' t A It 9 0 h*fc # II m m ' ffii 
B a a It 90g&%i&fami&^& (Vin)ol ^ f 1 Vset° & J5L 

' M ft- & fa it #J * ^ tfl Sfe XT ,~ XT t& ' H'J 4a 3tf ML #J 
m fll m ft XT ,-XT ft- it ** " 0 " • # Bp # *| HI ft XT ,~ XT 
^ & *fc t £ ' a i # I 9 8##iB*#. £***flL" l"fl&fj- 
II f 1 f ft ( fc| *» € £ Vset) • 0 it f a U 96c#l # ID 
ffl Hfe £ ' fli) f b 9 b It 96ef I- i| fij f ^ ^ ,fi Ff i| # ^ ^ ^ 



Pit * 



Jft G ND > 

« jH 

3te F*J- ^ & 
«fe .ft i£ 

W m *b ' 

it fa m it 

tf # ^ 



aa 



a 
aa 



a 
aa 



9 6d# & it 
9 6e#j Ufr it 

0 *t t a a a 

Vset' fsj % & 
9 6 gm # Bfl ffl Hfc AS 
( V i n ) of ^ # *b 



Fffj € Jb 



9 6 f U'J & # M 
m « € b b b It 9 6 e# it 
96b##^it ' J£i£/& 
9 6 a# m # ffi ffl m ° 
' ffi) f b B b H 9 6hfl'] # S£ 
- 3r F-1 f£ 'It It 6 Q$L ft 



1 i* M % ag- 6 6^ ^ ^ 4: f I V s e t# >!i 
I V d d ( m -kp 3ik # ) * Sk 8l & >\k W t£ % It 6 0^ >t 
# ^ ' IJ t 1 ^ 1 f ^ 66^ ^ ^ t f Vsett f 1 # 
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i - ^mttm (2i) 

& % n- 7 4fetf 6 6m H. 4£ 4l € M V s e tJ-X 8l % 

~ ffi- %k % & §m%L&tf)9fr%kn>%L XT 0 ~ XT $l ^ #'J 3# it! ^ € 
Jt (Vin) 0 ~(Vin)#j<fM3MiL - 

tf[5]B^^^^E95.®-fc . *E it & m th % ft- 1 2a.&i ft Vf- $L 
( - ) ft ft 

ilt b^- . t £ #t ^ ^ 6 6#t tl^-tf I V i n ' # *t m *k € 

I ('l?p ot#) • a ^ fj- ^ ^ tf $c ft # t # #i t z -it ^ 
8 Orfij -r ' m % % £ Ifr £ € 7 4# j$e ^ 4s ft m € M ( V i n ) 

. . ^ ( V i n ) m M + # ' 4s ,51 ' ft ^ ^ t| ^ ft # t 

ft # te. -It ?t 8 0 iTrj f ' J§s*&1£J£*frifc1£J&7 4"#-;sef£4i*J- 

III (Vin)o^ — . . - (Vin)#m^ifc€M ( # ?P (M£ 

' ffil -fc #f tf ' f I Vsetl^ +3^# • itt *h ♦ & IK 

B 1ft & $1 ft ft j% ft ' @ it 8 /7 ' f 1 Vpp$^ I 

8. 5Vi # ' ^ * ^ € M ^ #'J € SS- 7 6# ^ f-J "t ^ Vnwff ^ + 
8 . 5^ # • 

5£ % ft ^ m # ~t ft &} i i 'It it 8 04fc ^ -It- IS ^ 7 0 ^ 7t 

it^^it^^f^'t^ 7 2a' # f£. 'It d Jfe it € 8 2 a# 
ffcilt/ftflltflSfeXPA- X P B - X P 1£ ^ .fi A - B*h it $1 
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i - %tWifLW (22) 

tt. " 0" • m a - js $fr * 7t 8 3a - 8 3b- 83c^ f a B 8 ^ 88a^ 
# ^ it ' ffij#-^^-^7o83a- 83b- 8 3c^ € a a B ft 8 8bNj 
i£ # m W ^ HI • * ^ * tt Jfc *£ # f 60 f £ 4£ * to 8 (Ma. ^ 
i£ -It H ^ 70a-^ ^ to & WL^L > IS itb £ — i# fl| € 64#r $fr * 
60 # ^ ^ tfl ffc XTt ' A* «l tfl t XTotf I iHf "1" - ffij 
£• $t # 41 m St XT o~ XT m M M it & & " 0 " ' & ffl -t £a , % 
J£ (Vin)ot"^g^J.f:^ Vset ( # + # ) ' tTq 1£ JE 
(Vin) r (Vin)^»J^^^Jt^« • a£ ffi Mb ' * ffl i »T *p ^ 
it.t IL^if l^^tH^if 1 (Vin)o' Sitb^it^WLt 
-ft "»T # #T + 3#t # 60 € * tt. ' a to 3fr !& •!& & Jfe 7 0 a4L 4* /t 

Ml WL „±. 60 te, -ft ^. to 8 m ft # ^ t *4 ?p & ^ *h & it Jfc • 

fa 5l l& ' £^60^^MlWL 1 ~WL#j'fM^4a^Si*&^.*a*i- 
Ji « M (Vin) ,~( Vin) 7 » # £p ^ to Ml WL r WL# # 4fc it t 
& ( (M£ # ) ' 0 itb 4a ^ ^ to ML WL ,~WL tJi 60 tL 'It to 8 O^t 

hl m 60 t n m tt & - 



# * t* 3l # W # 60 f & 4ft 7t 8 (Ma l£ 'I* H. J* 7 0 b-^ ^ to 

ml w l - m % — m «i € 6 2^- nr ib ^ % — m m m at x 

Jfc if ^ it Ml * € «&• 7 2 arfb -r ' % SL -It & *fe it € 33- 

8 2 a# tfc ^ M M 7t Ml -I® t# € ^ 7 2 b4L # fl| tfl Sfc X P A - 

XPB - XPC^ ^ «fe y i A - BfJ- m it # <t " 1 " ' ^fr a # - n I* 

7t 8 3 a - 8 3b- 8 3 € ft 8 8 a% & # ^ H ' ffii #■ 

- mm it 83a- 83b- 83c^tJIi!i 88b^f-^it ° 
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i - (23) 

tt -It &. J& 7 Oat tL -It ^ it 8 0m i£«4<if ** ^ ^ £ #. ft 

^t' IS jth-t-^r-^S^-^Tt 8 3 a ^ 8 3 b ^ 8 3 c-^ 1; a a a If 8 8 b^j 

^ it ft ' ff Vin'tH^^'^itt HL 0 ~E^)f lif^ 

4fc ' It > £ t ' «fr *t # # + ' II Vin't ^^lif f ' 

£j t£ 18, ' ^ ^ it 4fL W L o- W L 7±. m it 4£ it 8 0#r i£ it 60 
t # ilb i£ & * #. I* • 

( — ) & & 4b & ft 




itb ' t M 4£ >!t € s& 6 6^rt^^ I I V i n ' # M & fch, 
I ( ft 04K # ) ' a *h ^ % m. A 4b m tL 'It -9- it 8 Offij 

t$ € M ifc € 3& 7 4flt^f If 1 (Vin) 0 ^ 
( V i n ) # M + 8 . 5^. & • 4a ±& • ft Ifc * % %L U A 4b 



is 



n- 7 4# .|g ft 4a M 



&] it -It it 8 0^3 f ' 
f 1 (Vin)o^ - . . ^ ( V i n ) $i M & & € M ( ft 04K 
# ) ' *» IB -t #t ' € M Vset^^+8.5^# • itb *h » & 

^ +8. 51* # ' ^Pp4fcA«*tt*J i ea8-7 6-#'4S*J€* Vnwf 
M + 8 . 51*. # • 



j£ ^ ^ A 4b &) it -It it 8 (Mft J* 70a4L ^ tL t W L 

' M % - i# t s& 6 2^t Ifr £tj ^ ^ - m tfl X P# it ^ 

^ it & J§S € S£ 7 2a» ft £p f i -It H it ^ "t s& 8 2 a# #l & 

ffl. ft XPA ^ XPB - XPC^ t£ *t A - BfJ- it it *^ 
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i » &WfLW (24) 

1 "0"' «ra#-*ft^it 83a' 8 3b- 8 3 € & It 8 8 a^ 
it $■ ^ ♦ ffi7 # - H ^ ^ it 83a^ 83b- 8 3 -f B a a ft 8 8 b*^j 
# ^ $ II • * ^ * a 5*. 4b -It Jf- it 8 (M4 3fr t& -It (£ 




J* 7 0 a4L ^ it Ml WLgi ' ® itb % — # % 6 4#r |fr iU #j 

m tfi at xTt ' m m st xt # m & & " 1 " • ^ * ^ ^ 

«imt xt 0 ~xt|'J f i^^ft "0" - * bi -b ' t * 

(Vin) 0 #^*!?5-€^ Vset( # ?p + 8 . 54fc # ) ' ft % m 
( V i n ) ,~ ( V i n ) £>J /fc % #• it % J£ ° afl & *fc ' A ffl i T *o ^ 
it ML WLd# €M3M£^J§lt$5_ M (Vin)o' ® itb ^ it Ml WL 0 
ft # ^ +8.5^#^€M<t ' m a ft »T /fc ^ ^ 4b to Ifc 
I a -It H 7 0 ^ it Ml W L oli #j f £ -It it 8 0 • 4i SL *fc ' * 
#j ^ it Ml WL r WL^i€^^^#^t&J-4a^>!tl:M ( V i n ) r 
( V i n ) 7 ' # *r ^ it Ml WL ,~ WL # # ^ & Ah % £ ( 0^. # ) > 
flf a 4fc 3= it Ml W L , ~ W L t_L #j f£. -I* it 8 Oft & & 
4t • 



3r ^ m A 4b &] tt -It it 8 f e. <(t H. 7 0 b^ ^ it Ml W L 0 

^it.^^f^'t^ 72b' ffii#^/tMt.**& 1 t*8-72a» Sitbff 
«-?ittl^f^ 72a.fi] t ' ^ le. -|ft H it ifr € s& 8 2 a# 
^ & n M ^ it Ml m % f 7 2 b^ ^ ^ tfL & X P A - X P B - X P C 
& ik tit, Jf £ A - Bfj- ^ i§ # " 1" ' ^af'^^^Tb 
8 3 a - 8 3b- 8 3 t B a B It 8 8 aft ^ # M ffl I HI ' ffij # — 56 
^/ f to 83a^ 8 3 b > 83c-t f B a B It 88b^ f f i| ° * ^ l& -It 
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i - &mtfLW (25) 

£ *& 7 Oat # to it to 8 0m to ^ #f t # ^ * % fa & A it • 
0*t*g# — ^&^-7o83a* 83b- 8 3 t B B a H 8 8 b^j ^ it 
& ' €J1 Vin'#$g*5>#--^70i& WL«rWL#j % J§, ^ Ol » If 
>£ * ' ^ a ^ 4b # # t ' f ^ V i n' i% & *b € M ' ^ ^ 
t£ t£ ' to ^ ^ to WL o-WL #j to if- f- to 8 0m to it ^ t # 
itb ft M & fa m A it o 

( X ) if ^ # ^ 

itb a^- ' f I ^ il f 4 6 6^r $k i& % M Y in' it M M — %. % 

Ml ( # £p - 74fc # ) ' a A ^ f I t * t 4 74f H t ft 

«■ * « £ ( V i n ) — . . * ( V i n ) ffl M *b f ^ ( # Pp 

# ) ' *o EI -b #r 7F ' f f Vset$ ^ 0^ # ° itb ♦ * ^ a 
f tll^ittt^ ' S itb ^to ffil ^ m • ffr ^ tfl ^ NEGWL^T 
*h >5fe ^ W dBL " 1" ' Pfr a # i& % m # |g t$ % m. V n w^f ^ 04£ 

# ♦ ft £p ^ ^ t J! ^ $'J € 7 6tt f 1 Vnwft m 04£ 

# >t 1^ tfc M to it It 6 0 1 #r # to it ^ to 8 0/*/r #t # t # 

^ to J§g ffr i& 7 2a' # £p to it- d. %L it ^ € ^ 8 2 a# ^ 
#fl|m«;XPA* XPB- XP« t£ 1*L .» A > BM M m M 

" 0 " ' f f >i ;t ' # - m % ^- to 8 3 a - 8 3b- 83c^ t 9 9 B ^ 
88a^^.^itbaff:it^^^itb€M » ffij — IS to 
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i - %tWiSLW (26) 

8 3 a - 8 3 b - 8 3 c4l f £ It 8 8 bJH 1 it ^ H € ^ • 0t J-X 
#*fc€^3£r^# — IS *5r to 8 3 a - 83b- 8 3 c4i « S ft 
88a- SSb¥) ffl ( gate) . f - H t& ^ it 83a- 8 3b- 
8 3 f s a a It 8 8 a^j $ # HI I » ffij #- - J§g £fr * tg 8 3 a - 

8 3b- 8 3c^ € B a a It 8 8b^ -fr t£ it ' SI jtb t * V i n ' # * 
^ — ^t&-^-7t83a- 83b- 8 3 c4l 1£ B B a ft 8 8 b*. JS6 $fr ( V i n ) ,p 
••• . . - ( V i n ) m M - 7^. ft ' i^jltt ' ft-T*^*h*l^^ 
^ §i -ft (& 7 Oat tf) ffi M it 'It -f- it 8 0^ it #J t * 




3? 



•* M Id -It ^ 6 Ot m * te. ft^?t 8 0#r # 



a 
bb 



#J t # ' i£ £ - i# fll € SI- 6 2#f $n iii ^ % - m m tfl l& X P 
^^L^^7t^m$h%n- 7 2b' f^[Wi^:^yt^m%%^ 72a 

fii t ' .« £ A# IN" M 1: ^ Vnwfl&j^ii^it^JS » ftr a — m 

8 3b- 8 3 € & It 8 8 a^ Sfc # P*1 tf£ & ' *n 
ip-^S'J^alfii^ — *D it 83a» 83b- 
88b' H*b€j£Vin , ft**jft*# — m % It 
83c4if b b b ^ 8 8 b* J§g tfr (Vin)o^ — . . - (Vin) 7 
' & 6) t£ t& > # <|& Fa^ -|t It 6 0#i ^- I<£ # # 
tsg- 6 8 1 ^ — ^ /t^.l®^ €^ 72a- 7 2 b/*/r *f 
WL 0 ~WL^^JS6f5rS-^S Vin'ffij t 1 - 7#t # » 
6 0 1 #r * tL 'It -f- /G 8 (M£ /& */j ±& 5t /& >f 



ip- 7C 8 3a 

8 3c^L 
83a- 83b- 

m m - hk ft 

I ^ ? iti 

a 4fc ^ te. 



#t # t # #j ig Hf 



tf >z ' ^ #i ft Rfc- # -ft b£ ' ^ -L m i& ' ±& 
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&W%LW (27) 



A. * a 



« bs to. 8 8a- 8 8b' JL <# € b b b It 8 8 b^ it > f & |* 8 8a 
^ ^ ( drain) # £t i£ € ft V i n ' fl& *f j& - 74fc # ' 

8 8a^L 5* & ( source) W] ^ JfS € ft 3& * € 74^ #J 




rfa € B s a 



ffij *t i£ 4£ ±& € ft ' ' t ft Vnwj/5 J£ # If St # # & $ 

A it # ^ a| ^ f 1 ^ f 1 $ ft ( # + 8 . bik m ) ' M 
a a B It 8 8 a4L 4£ H £- & & ^ Pal t f 1 - A 6d il ^ 
( 1 5 . 5<ffc # ) ' Jt'J € b b b It 8 8 a4L %l m & & & J& ffl *T S 

bb It $c ® Ifl >]fr ( junction breakdown) tfij^ 

it ' * #J 5t /fc ' ^ttif a £ ^ & 

-Hfl^l'Jf^ 74 ' ^t^^jfeWta-Iftft 6 0& e >* ^ 
# ^ . |g f& f; B a B It 8 8a^ & ^ € ft Vnw*h J& fch « • 

0jfc"»Tia&Ji3£i&!S)4fefti&A#'H!*# ° 



*» _L m i& ' ^ -fete W tL -It It 6 0#l e tf # f£ * 0. ^ 4b # ^ 

' # — H^^Tt-illS^^a^ C 1M ^ it ^. m % % s& 
72a) $t tfj ^ ' # — «6 ^ it 8 3a- 83b- 83c^ < t B B B |t 88a 
^ & Ufr it . Hj ,tb t ft ( V i n ) o~ ( V i n ) 4£ J3'J « % M M 

7t & WL 0 ~WL 7 » i ^ t » j® f ft (Vin) 0 ~(Vin)^i f 
&f£iiLtilik$Lte$bJ&$-7t&. W L o~ W L ft. tfj tL -It ^ ?t 8 0;% 5 

* * 21 ^ 4b *t ft * « # ^ t 44 • * frj * tit ' U St ^ 
7t.il W L *L #j la «It ^- to 8 0 * *t ^ ^ ^b ^ *fe It ^ * #t # ^ = t 

# ' SitbSStfr€ft^ifc€S&7 4/^ll:4£i#€ft ( V i n ) </£. # S=J- 
I i f 1 (M*»+8.5'ffc#*+3^4*) ' ® itb + 8 . 54fc # 

( @ ^ ^fb # ^ ) sfc + 3^ 44 ( It 9t # ^ ) ftlif B U88a 
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%Wm,W (28) 



# tit £- & it Ml WL o° ft BL & ' ^ ^ tL W L ^ -ft ^F- it 8 0 

# ) ' is itb o#. # & % & ^ ( m x -ft # ft & tut & m 




a 

BB 



# ) ^ & & 

*J- #i & ft % 

JS ) ' S *t *f ^ 

^ A # it f I 



a 
aa 



8 8 a# 5- ^ it Ml WL 0 ' & ffij ■ 
ft, 4b 4- ^ It € JI. ft ' ^ % b s b 8 8a^ it 
( threshold voltage) % V tp ( % % 
^ to 83ai • t % B a a It 8 8 a^ M # 
s 8 8 a# ^ it ' j£ & t a B B «t 88a 



aa 



#J 



(Vin)# I, i f 1 > M'J ^ it Ml WL & £. 



A € ( V i n ) o ' & ffo 
( V i n ) rffc & # Mb 



U f bb ^ 8 8 a^L ^ #j 
H'J # ^ ^ Ml WL <#j € « * to * ^ - 



tp 



Jt'J 



a 
aa 



8 8a^ frl ^ H a* ft 



1£ * -V tl jTQ & 



* ii • # ^ it Ml WL ,#) t M to * ^ it & ii - V tI jfij ^ it 
?! tf) & Mb € £ ° i^t ' M % 4b 4- # It € B a B flft 

# ifc it «■ "1"* *c t ^ # ^ t -li ' 4a Mb ' *» # # m f 

*p ' 4s- m % -f ^ it t B a 9 it fli n i& m. & «. " o & & 

#J # It # '14 • a lib ' & T & # € B a B It 8 8 4- Ifc # It 4£ Mb 

€ * 5. 4a **- m ^ it ^. w l o~ w l & m ' m tb & ^ w ffi M- 

^ # - .1 % f it 83a^ 83b^ 83ctt5:£#tB a Blt88c^li 
^ € B a B It 88a.|S ^ ^ it Ml WL 0 ~WL# ^ Mb € « ' 0 *b # 
ta 4& « 6 0 -T JE *g Mb i£ # ' ffij t b b b It 8 8 ^ # it M'J * 
SI vs ffi ^ ^ it Ml 4 i 1W tin Hi 6^ €^ (Vrst) 0 ~ 

( V r s t ) ^ f <J ° 
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%WftW (29) 




E9 #T 7F -2L ^ 7G I 



S£ 7 8<M} 



TJt ^ ffl 



9L 1 0 0 a - 10 0b' tf * ' ®Atfi^^tI^^ 
f. it 100a- 1 0 0 ba 1%. ifr ft W ¥ ft ^ 4 *. % 7 8# i 
^ o ffi^jifi^it 100a^ 1 0 0 b*h A *§ I 5 ! #J € 3? 
^ . j-Xfl^^ff^Tt 1 0 0 a& #J ' % & <fr % $3 N 0 Rit 
ffi 102a- 102b' - NANDit^iMI 104' f& ft H 10 6a- 



f 7 8& ^ * «. ft 4® f M ^ ft 



10 6b' a £l tf) 



a 
aa 



10 8a- 1 08b » *j 



5. #t ' ^ it 



2& 7 2 a& ^ # 8-fSI ^ t$ it ' Sib^ictfff^ 

7 8*je.^*^'ia«*i^^tjt£^/b ' ^ #j ffl * it tb € m. 

(Vrst) 0 ~(Vrst) 7 ' ^ttl^^ff^it 100a#. ft $L i£ 
|>J f 1 (Vrst)^i f 1 ^ ft ' ftfl^^fflTG 100 bm 
% n i ^ f 'J f 1 ( V r s t ) #j € M ^ ft " # ifc W «£ * ft 6 0#i 
4r >f B£ # f£ ' fW t a m t NEGWL# t \ M it ^ ft " 1 " • ® 
at n ftr % m. ft 4 X ^F- it 1 0 0 affj f ' ^ 4^ m t XT#d 

it m- ft ^ " 1" & " 0 " ' NORilt H fal 1 0 2#j #r ih ii& m i§ 

H ft " 0"*h #r a. NANDig ^ W 104^ NORit # ft] 102b' * ^ 
N A N DiS *| 10 44L — $fc^*&$J-,&i&#ft " 0 " ' ^ « ^ li G«& 
Jt **■ J6 ift ** ft " 1 " - itb > NO Rill ffl 1 0 2 b#j #3 It >v £u 
t 1- i M f " 0 M ' S it .IS Hf Sf 1 § ^ t " 1" ° It ^ ' € 
1 0 8 ai£ # M frl fl£ & ' ^ € £ ft 10 8 bS'J # ^ it ffii «g ft 
(Vrst)^ I, t Ifc f 1 - 15] #. # it S ' f 1^ A m t 
NEGWLSt M it *| it " l"af » f M (Vrst) ,~ (Vrst) t ^ ^ 



a 
aa 
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s. * %twr&w (30) 

# & € a ' & % u n ' # & « is. -it it 6 o& fi- 7* efc # # 

b£ » tb^m-A^^ic**. WL 0 ~WL#j € B a B It 8 8b£ ^ ii ffij « 
? to t WLo~WL^i Vin' ( -7^4$ ) • 

H*»ill-?7bi* WL 0 ~WL#j % b b b It 88cii * % i& • 0 ifc 
^7t*jL4i««8-7 8-ri&i!jlN->ft#*b«*W€JS ( V r s t ) ,~ 
(Vrst)^.^ ^ I *U 83a- 8 3 b ^ 83c^ t B a a ft 88c&f| 



£ 4fc m it -It It 6 0#i ft m. A ib # ft If # # » I«J ^ a. 
mm. NEGWL# M M it ^ it " 0 " ' •t^7t^.lSt&€^ 7 2 a#r * 
^4L^7t^.WLftJi^fe.'lt-?-7t8 0^#:m^^b^.#:tt^. » ft'J 

)fr #r it ' ^7t^^f5r€^-72a^#:it^. ' 3- fift- 0i tfL %H XT, 
t»I*4ft "1"- ifijl^fl^iHf^74(^|-t^ 
) t«Sft f 1 (Vin)#il +8.5^Jf| ( $ 5$, 4b # # ) ^ + 3 
# ( t* Jfr m ft ) ' S itb € * ( V i n ) fit & € B a a It 8 8 a# 
^ 4= 7t tik WL 0' 4 ^ f a a B H 8 8a#, h & M ft, ib ^ ^ It 
f a B B t ' £k 3l % JE (Vin)#^JL^Mifij^ritj € >7r L ^- ^ 7C 
WL 0' * € & ft 8 8 a#, «. ^ # it # it " 1" ffij tj- Ji *fc ft # 
# & # -l± ' «W ffi *b ' € a a a It 8 8 cifcb ^ % %r it , g itb *t a* 
ffi^&tf^TC 1 0 0 affij -r ' 4 ^^flimft X T jn- ife * # 

NORit ** M 1 0 2#j ^ iU <>fr 5t tj- & it 
it " 0"ffij A. NANDit m- M 1 04H NORil J* M 102b' * ^ NAND 
ill M M 10 44L — *frA,i*tJ-4fci£|*4i. " 0 " ' #r a ft G<>& ^ ^ 
IiS*lft " 1 " ' jtb BtP ' NORil Ftf 102b^ ^^A^iHtl 
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&WtiLW (31) 



m «■ " 0 " • il ifc *ft .14 H# J& it # tf. " 1 " • • 
1 0 8 ai& # Hfl ffi HJtl ' ffij € a B a ft 10 8 b^'J <fr ii fl& « « 



B 

as /i_r 




« ^ to & m. ft % n- 7 2 a#r * ft ^ ^ it $L W X ,±. tfj le, -It to 80 
$*&5*,*b & ' H'l #r i& ' ^ to Ml * ft f 7 2a 

it * ' « m m tR. xt ,t 1 1 1 n it "i" - & an m & 

^ it ipt # j# 4<| m ft XT t& ' * # 3N- A & ** " 0 " ' 4b *b 



s^-74(^nffil-t^r^F) <#* JR >fit 



M ( V i n ) A 

Oik ft (m.£ t itmtt&t%frj%ft) ' ® *t € js ( v i n ) &t m 

* *! a a a 14 8 8a# 4& J. ^ it ^ WLo' * ^ € ai» ft 8 8a#. & P3! 
4 & 4t * It € B 9 a ft • a jBl % m. ( V i n ) &% % & *t € * *n «. 
ifr ^ to H. W L Jfr ifc % jjfc. ' # € a Q a ft 8 8 a#. ^ & # IJf- it ** 
4fc " 0 " an n A * ik tf) # $fr 4$ 'i± - ^ i ^ - f a a a ^ 88 citb 
ft % tf- it a *8 sfr € a s a ft 88a.^S ft ^ to Ml WL # M Ah € * • 
® jib ' f^tl^tff^it 1 0 0 affi7 T ' * ^ ^ ^ tfi ft 
XT 4N- A * A " 0 " ' ma NORi§ ** ffl I 0 2&j %t M Jfe 

it & tt. r'ffij 7v NANDi§ ^ W 1 041* NORit 3^ fV] 102b' * ^ 
NO Rill # IV] 1 02b^ " 1" ' #r a *fc ft 



^ «j- m it ^ <t " 0 " ' itb f$ > N A N Di§ ** ffl 1 0 4#j f& #r tv ^ 
«■ A & If fiL " 1" ' S itb ^ ft G# «■ M m «■ tt. " 0 " • * ^ » 
a a a ft 10 8 bm # M frl *t jH ' ah % B a a ft 1 0 8 aH'J # ^ it ah m itL 
( V r s t ) %h € JE V d d ( W *» + 3<fe # ) • ^ « * B 



BQ 

8 8 c# ft ' i ^ f B B B S 88c# ^Nf4r||Hb^f^* a 



aa 
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* l£Wf&W (32) 

» m jhb &■ M Ifc it 
St ' ^ to & W L & 



fa " 0 " # & #J # ^ # ' t ^ 
>M& T + *i i£ ±& € ^ • 




83 



% n- 7 2 a > 7 2b> ^ iH 



}$- M ' ^ ^ ^ m t ' 

f 6 8t #r * ^ to £ 

6 t£ ' ^gt<rf;JS^rib€^7 4^^dJ^-7o94a^t > t^^ 
(Vin)J5] 8^|# A J- ^ to .^^^ € 7 2 a ^ 72b' & ^ 70.il.! 
% % 7 2 b^ fi M ^ to $L WL #j it -It to 8 0* * & 3, 4b 
b£ ' € it (Vin) 0 <fr 3= 7&Ml*K$&<fc«&- 7 2 b^ ^ ^ 
to ^ WL 0 ' M ffii ' ^ to Ml m % % & 7 2a^ 4i *f ^ ^ to Ml WL 0 
_L &) it «lt to 8 Oik ^ ^ ^ 4b ' 4° )fr m ife ' 13 - t 
(Vin)o^#^A5.^70.l|.^t<f€^72a' * B i »T • 

B. % M (Vin)dt I, + 8 . 5^. # ' ^fln^^^TO^^^t^- 

7 2 a^ *i i& ^ to Ml W L tf) tL 'It to SOM. * % %L & A 4b • 



a ? 7G i 

8 3 atfn "S* 

# ffl I. 1 Kf ^ X, I 

^ -fit ' t& 
7 2b' ,i ifij ? it I 



51- 7 2 a^ ^ it ' # M Ifc M. % to 
B a H ft 8 8a^ # M W tf£ & ' S *t € M (Vin)g& * 

7 2 a^L 4a # >& ^ to Ml W L • ^ 



m ^ * «fe #j t ' 

6 8t m ^" ^ to 
51- 7 2 a - 7 2 W75 i ^ Mb 



Hi' tb 
72a 

4fc o 



t A • fs) — 4fc4&^S4S*I€a8-7 6aAlsi — ^ to £ 

si- 7 8^ $ ^ m % % 3& 6 8t #t * ^ to 



t 3& 



7 2a * 7 2b_L » 
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&Wf&W (33) 



a 



^ # te, -it it % mm f^ii^i a 4t 4- ^ 

ft ( complementary metal oxide semiconductor, 
CMOS) % #! m m & ' ifn fa $L ifc f *p ■& #f ' ^ # a 3 * 03 f£, 




a 



& #j ^ f£ ^ it wl 0 ~wl#j % m T ' * a m % Qom 
' f& ffj > ^. # ffl i #r ^ % w ^ 7t .ii m % % n- 7 2 a^r 



& ' ^ ^ f-j ^ to ^. wl o~wl & % m t ' % ^ m i 

4 (Mm t b s b It ' ma ' ^ifa^ittli^f^lffl^ Mfc 
( M 5 1 2f& ) %i ft & #1 % 4fr ' m fa %L Ifc f ^ 7t i 

t ^ ' * ffr B ^ ^ 7t & m % % sg- it »r a ts 1^ ^ * s 



B3 



t #J 



# a £ & M id -It 



M - 



\ it! % n- ' — J& 



fl6 



S8- ' VA %l — ^ ft 

£ ffii f ' fa %l Ifc f k> '\k ?A tL -It ft ' 4^ # a £ -fete 
ft 0f t € a a a ft lit ^ «j I- t t '1^ X. t « 1 t ^ 



Jl ic. ^ 



i-X _L ft ifc # ^ 4sl 

*j & m m & s% 



W ^ *c ik it fa fr\ 
lb M i$ ft > % 



> fL i& ^ 



& %t W 4- #'J ^ ^ 




% 40 I 



m A 2- ft °4- t& m 




- % % & tik fA tL -it n # *# * 



^ EU 



— & ffl - #r 7F ^ \k ffl te. -It it &j 

m % & # w TA %z -It it&d^^^^^l 



sal 



-fc 



Bl E9 #f 7jt 
EE E9 /Sff 7F ^ ^ it i 



& t s& #j t s& ^ 

# % 3& ^ & g 



SI ^ ^ # 3fc t£ a/§ 



1 0 




m 




'1* ft 


1 2 






14 










1 6 






18 


rf 




ffl 




20 




Pi ffl fa 



22 
26 * 
34 * 
38 - 
42a 
46 * 
48a 
50a 



it it 

44 - 80 
64 % - 



24 - 

f & -1*^70 3 2- 

m- % 3 6- 

66 40a 
42b- 72a- 72b ? it 

84 - 1 04 NANDii ffl 
48b- 48c- 102a- 102b 
50b- 50c 



2 5 % 4b 4* 
6 2 % — ^ % 3& 
6 8 *5 % % 
40b- 70a- 70b % 



NORii If ffl 




52a- 52b- 52c- 52d- 86a- 86b- 86c- 86d- 86e 
86f- 88a- 88b- 88c- 90a- 90b- 90c- 90d- 90e 
90f- 90g- 90h- 96a- 96b- 96c- 96d- 96e- 9 6 f 
96g- 96h- 108a- 108b 
54- 87a- 87b- 87c- 87d- 87e 




a 
aa 



92a- 92b- 98- 106a 



10 6b Bl H ti 



7 4 m 




m tB 1£ 3& 



7 6 & M. % m. & % 'J 



78 



83a- 83b- 
94a- 94b 
100a- 100b 



83c 

5w iij Jp- it 



8 2 a - 8 2b t& ft @ it 



^- 7G 



no — 

-SF 711 




% 42 S 



- > m mum 

1. — 3S. # % 44 tL 'It It ( non-volatile memory) > ^ 
& ^ * : 

*t 49 it 'It & ife ( memory block) » — l& 'It- & eL ^ 
* *t -fin ¥ it & ( word line) • # - ^ it t it & ^ ^ 
J^t IS si -It it ( memory cell) ; 

— ' ffl & >^ — 12. •!£ to JaL a A 4. %L M. -f® 

% tfl ^ » 




- n ^ /t¥- fl| € ' ffl ^ 3£ ^ t£ t e, -It tt to Jat a £ 4. *£ it 

— m% % ( row driver) • ffl — fl^^it^. 
^i^L'O^Tb^^ti&l:^ ( word line driver) » * it 



i£ # — j$£ 4| 
51- & * : 



s& ^ m 



S}r — ^ X) I 











it 


' 4fr — 






•It 




it 






% it 






t£ *£ 


* 




% - m 


^ir tfl M> 



-^7G#€it^^- 













* 


tfl 

























as- 



it & ^ i% M. 1® < 

m- m t ^ ^ 

J-t^^^itM^-to ° 



X3?> — 





it ' 




& t£ 


ll *t 






to ' 


a 


^ it 








2. *» t n * *j ii m % im m m. ^ # # # & te. <it it • & # 

4? — 'l& W 'It It ( flash memory) 

3 . *> t *t % n & s $ lift #r it # # 41- '1-4 te. -It it ' % % 

& — S. M & M ft ft -f ^ It € a B a It ( complementary metal 
oxide semiconductor, CMOS) %. M #f fa ° 

4 . -ko t If 4 jfe IS $ 3Jfi m i& ^ # # # -14 le. -It It ' £- t 

- P32 ^ 4 ft ft * * It € a a B It ( PMOS) > & ^ * : 

- }&. m. ( drain) > % ~& & 1ft — m % % Wl '> 

- * fa ( source) • f: it & ^ — ^ to .iji ; a A 

- ffl ( gate) ' f it ^ f£ tz -It H it ^ t s& ^ ^ - 

- J£ - 4r 1 a 4b % j& % & |t ( NMOS) ' * & ^ # : 

- m ' € it t£ p^ 4 ft ft -f it € Ja it ^ j» m ; 

- ivi m » € it ^ t£ t e. -it & ik it ^- f ^ ^ ~ ffr a ° 

5 . *»j|£ffl£ 4j« m it ^ # # # te. it it ' * t 

t£ P^! 4 ft 4b -f ^ ^ € a B B It % fa Ifc - m & _L ' i-X 
itl - ^ 4 ft 4b -f ^ It € B a 9 It #. m fa Ifc - P^l * & 




^ 44 1 



6 . ^to t tt # *>j & m % 5m m ^ # # <i± te. it it » * t 

M P^A^#€it#^t^^ - 4 ft >fb 4- ^ ^ f B B a it 

4i % ^ . 3. ft m % % n- % & & % ■ 

%t M % B: 5l i% & ;& ° 

7 . *o t tf -f- *>j jfe g £ 6jS m i£ ^ # # # 44 12. 'It It ' * t 
i£ t£ # # # f & -It It it ^ - It Jfr ( read) ;R & & - *JL ^ 
lb ( program) Hfe Hi ' M'J ^fel'Jtlfl-l-fl^ 

4ft • %■ f£ # # # .fcfc te. ft It it ^ - >t l$r ( erase) M ' JH 

8 . *i f f I- ^'J g ® | 6JS m it ^ # # % -l± it -It It ' t 

9 . f ^ jg, ffl % m m & 4¥ 1$ it -It It ' & 4* 
t£ m 9t & ^ % : 

- ^ ~ N21 ^ 4 ft 4b -f # It € b s b It ( NMOS) > £ & ^ # : 

- ^ » € it ^ t£ & M, ft 4b t£ It € £ It ^ ft ^ ; 

— m ' ; a a 

— WJ ^ • 

10. *o t * *j || g| $ 9^ #r ^ ^ # # # '1-4 i e. 'It It ' £ 






11. *° t Sfr 4M'J le, B # 1 OJH fir ifc # # *S 'ft It ' * 

t 3r i£ # # # <1± * e. -It It it a. - >f fife- ( erase) #fe & • m U. 

1 a -f * It % Ja ft ° 



12. -ko t tfr # #i IE a # 1 1^ m i4L 4L # # # 'fefc te, -It ft ' * 
t ^ t£ # # -fcfc li -It It it A. - tt J*. ( read) ifc j£ $. — & 
A lb ( program) & j& » a fg[ K t& ^ it ^, 4s St 3= $l 

^Lit^ait^Tlt^-^^^-fb ' I'Jtl^Tttflt^^^ 

iB4^i£fhJ««jfe*MJgt«^^.N^^4IIL^b-^l|-ftt| & 



13. frtflH-^JftB^ 4«^ii4:*## 4± le. 'It ft ' * t 

i£ f£ f& 'It H J* it ^ € S£ it t£ tt JS ffr ^- TO ' H'J t£ le. 

•It d % it € s& 4l # - m a *& n M - % - % B. ^ to a « 

^ 4r 4 ft 4b -f f- It € a a B It ' a & t& it -ft H. it 

f S& ^ it ^ t£ $c 4i «S $Jr -f- to ' B'J f£ VL 'It II it *f 3& 

^ I - t ib « t 1 - I - t 1 ^ & « I frl t lr I I- 

^ It € & ft • 





14. $ n w & m % m m & # # # *t te. <it ^ » ^ t 

•It d 4fe it ^ € n- % — #r £ *f >5fe - % - € M # Ml a 
F*1 t ^ 4 a ^ I- It f a s a f ' u &. g m %Z -It i til^ 

^^^it^^^-tt^^^-^/t ' m tt -it (i it ^ t 
^ % ~ m & ^ n m % — n & ^ & u m & n m & m a it 

-f ^ It % a B a It • 
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win 
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